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OPTICAL SCANNER , IMAGE DISPLAY signal is operated with an influence of the horizontal scan 
DEVICE , HEAD MOUNT DISPLAY , AND ning driving signal . In addition , the displacement portion is 

HEADS - UP DISPLAY easily oscillated with an influence of the oscillation of the 
movable plate . When miniaturizing the displacement por 

BACKGROUND 5 tion , an inertia moment of the displacement portion also 
decreases , and accordingly the displacement portion is eas 

1 . Technical Field ily affected by the horizontal scanning driving signal . As a 
The present invention relates to an optical scanner , an result , the movable plate is operated with an oscillation 

image display device , a head mount display , and a heads - up component which is unnecessary for the vertical scanning . 
display . 10 Therefore , an optical scanner having an improved vibration 

2 . Related Art performance so that the horizontal scanning hardly affects 
An optical scanner for performing drawing by optical the vertical scanning even with the miniaturized optical 

scanning has been used in a laser printer or an image display scanner , has been desired . 
device . JP - A - 2009 - 75587 discloses an optical scanner 
including torsion bar springs in two directions which are 15 SUMMARY 
orthogonal to each other . According to this , in the optical 
scanner , a movable plate is oscillatably supported by a pair An advantage of some aspects of the invention is to solve 
of first torsion bar springs . The other end of the first torsion at least a part of the problems described above , and the 
bar spring is connected to a frame - shaped displacement invention can be implemented as the following forms or 
portion . In addition , the displacement portion is oscillatably 20 application examples . 
supported by a second torsion bar spring . The other end of 
the second torsion bar spring is connected by a frame - shaped Application Example 1 
support portion . A direction in which the first torsion bar 
spring extends is set as a first direction , and a direction in This application example is directed to an optical scanner 
which the second torsion bar spring extends is set as a 25 including : a movable plate which includes a light reflection 
second direction . The first direction and the second direction unit which reflects light ; a first torsion bar spring portion 
are orthogonal to each other . Accordingly , the movable plate which oscillatably supports the movable plate around a first 
can be oscillated by using the two directions orthogonal to axis ; a displacement portion which is connected to the first 
each other as rotation axes . torsion bar spring portion ; a second torsion bar spring 

A permanent magnet is provided to surround the movable 30 portion which oscillatably supports the displacement portion 
plate and the displacement portion in a plan view seen from around a second axis intersecting with the first axis ; a coil 
a thickness direction of the movable plate . The permanent provided on the displacement portion ; and a magnet which 
magnet is installed to be inclined by 45° with respect to the is provided to be separated from the displacement portion , 
first direction . Coils are installed on the movable plate and and generates a magnetic field to be inclined with respect to 
the displacement portion , respectively . A horizontal scan - 35 the first axis and the second axis and to act on the coil , in 
ning driving signal at a frequency of approximately 25 KHz which the displacement portion includes a frame portion 
having a sine waveform is input to the coil installed on the surrounding the movable plate , and a damper portion which 
movable plate . A vertical scanning driving signal at a has a smaller thickness than that of the frame portion and 
frequency of approximately 60 Hz having a saw - tooth extends in a direction intersecting with a direction in which 
waveform is input to the coil installed on the displacement 40 the second torsion bar spring portion extends from the frame 
portion . Accordingly , the movable plate is operated with portion . 
respect to the displacement portion to correspond to the According to this application example , one end of the first 
horizontal scanning driving signal . The displacement por - torsion bar spring portion supports the movable plate and the 
tion is operated with respect to the support portion to other end of the first torsion bar spring portion is connected 
correspond to the vertical scanning driving signal . 45 to the displacement portion . The displacement portion is 

JP - A - 2005 - 250077 discloses an optical scanner including supported by the second torsion bar spring portion . The 
torsion bar springs in one direction . By doing so , in the direction in which the first torsion bar spring portion extends 
optical scanner , a first movable plate is oscillatably sup - and the direction in which the second torsion bar spring 
ported by a pair of the torsion bar springs . One torsion bar portion extends intersect with each other . The movable plate 
spring portion is fixed to a support body . The other torsion 50 oscillates around the first axis which is an axis of the first 
bar spring portion is connected to a second movable plate . torsion bar spring portion , and the displacement portion 
A coil is installed on the second movable plate and a oscillates around the second axis which is an axis of the 
magnetic field acts on the coil , and accordingly the second second torsion bar spring portion . Accordingly , the light 
movable plate is oscillated . The first movable plate oscillates reflection unit oscillates around axes in two directions 
by oscillation of the second movable plate . The second 55 intersecting with each other . 
movable plate has a damper structure . A value of the The coil is provided on the displacement portion . The 
optical scanner is decreased by the damper structure . This magnet which generates the magnetic field acting on the coil 
damper structure is not a mechanism for suppressing mutual to drive the displacement portion is installed . By driving the 
effects of the two movable plates . displacement portion with the electrical connection of the 

A miniaturized optical scanner is desirable in order to use 60 coil , the optical scanner can cause the light reflection unit to 
the optical scanner in a portable device . When miniaturizing oscillate around axes in two directions intersecting with each 
the optical scanner disclosed in JP - A - 2009 - 75587 , it is also other . The displacement portion includes the frame portion 
necessary to miniaturize the displacement portion . The coil and the damper portion . The frame portion maintains a 
installed on the displacement portion receives an electro - relative position of the first torsion bar spring portion and the 
magnetic wave output by the coil installed on the movable 65 second torsion bar spring portion . The damper portion 
plate . Accordingly , the displacement portion to be only extends from the frame portion in a direction intersecting 
operated corresponding to the vertical scanning driving with the direction in which the second torsion bar spring 
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portion extends . When the displacement portion oscillates According to this application example , the lengths of the 
around the second axis , the damper portion functions as a displacement portion in the two directions intersecting with 
damper by generating an air current around the damper each other are different from each other . A length of the 
portion . Accordingly , it is possible to set the displacement displacement portion in a direction in which the first torsion 
portion to resist reacting with respect to driving with a high 5 bar spring portion extends is set as a first length . A length of 
frequency . Thus , when the light reflection unit oscillates the displacement portion in a direction in which the second 
around the axis of the second torsion bar spring portion , it torsion bar spring portion extends is set as a second length . 
is possible to set the light reflection unit to resist reacting The first length is set to be greater than the second length . 
with respect to the high frequency . As a result , it is possible Accordingly , when the displacement portion oscillates 
to improve the vibration performance of the light reflection 10 around an axis of the second torsion bar spring portion , a 
unit . movement amount of the damper portion is great , compared 

to when the displacement portion oscillates around an axis Application Example 2 of the first torsion bar spring portion . Accordingly , when the 
displacement portion oscillates around an axis of the second This application example is directed to the optical scanner 15 torsion bar spring portion , resistance increases , compared to according to the application example described above , 

wherein the coil includes a first conductive wire portion when the displacement portion oscillates around an axis of 
which extends in a direction in which the second torsion bar the first torsion bar spring portion . As a result , it is possible 
spring portion extends , and the first conductive wire portion to set the displacement portion to resist reacting around an 
is positioned at a position separated from the frame portion . 20 axis of the second torsion bar spring portion with respect to 

According to this application example , the coil includes the high frequency driving . 
the first conductive wire portion which extends in a direction 
in which the second torsion bar spring portion extends . Application Example 5 
When the displacement portion oscillates by using the 
second torsion bar spring portion as an axis , stress fluctuates 25 This application example is directed to the optical scanner 
at a portion where the frame portion and the damper portion according to the application example described above , 
are connected to each other . Since the first conductive wire wherein the light reflection unit includes a reflection plate 
portion and the frame portion are separated from each other , and a support which supports the reflection plate , and the 
the first conductive wire portion is separated from a position reflection plate and the displacement portion are installed at 
where the stress fluctuates . Accordingly , it is possible to 30 an interval in a thickness direction of the reflection plate , and 
reduce stress fluctuation , compared to when the first con - a part of the reflection plate in a plan view seen from a 
ductive wire portion is installed at a position where the thickness direction of the reflection plate is overlapped with 
frame portion and the damper portion are connected to each the displacement portion . 
other . As a result , it is possible to suppress disconnection of According to this application example , the reflection plate 
the first conductive wire portion due to fatigue of metals . 35 and the displacement portion are installed at an interval . In 

a plan view seen from a thickness direction of the reflection 
Application Example 3 plate , the reflection plate is overlapped with the displace 

ment portion . In this configuration , a length of the displace 
This application example is directed to the optical scanner ment portion can be set to be small , compared to when the 

according to the application example described above , 40 reflection plate and the displacement portion are positioned 
wherein a thickness of the damper portion at a position on the same plane . Accordingly , it is possible to provide the 
separated from the second torsion bar spring portion is miniaturized optical scanner . 
greater than a thickness thereof at a position closer to the 
second torsion bar spring portion . Application Example 6 
According to this application example , the damper por - 45 

tion becomes thicker at the position separated from the This application example is directed to the optical scanner 
second torsion bar spring portion , than the position close to according to the application example described above , 
the second torsion bar spring portion . Accordingly , it is wherein a portion of the damper portion at a position with a 
possible to increase the inertia moment of the displacement great thickness is protruded to the opposite side to a side 
portion , compared to when the thickness of the damper 50 where the frame portion is protruded in the thickness direc 
portion at a position separated from the second torsion bar tion with respect to the damper portion . 
spring portion is thin . Accordingly , it is possible to set the According to this application example , the side where the 
displacement portion to resist reacting with respect to the frame portion is protruded in the thickness direction with 
high frequency driving . Thus , when the light reflection unit respect to the damper portion and the side where a portion 
oscillates around the second axis , it is possible to set the light 55 of the damper portion at the position with a great thickness 
reflection unit to resist reacting with respect to the high is protruded are opposite to each other . Accordingly , it is 
frequency driving . As a result , it is possible to improve the possible to obtain a balanced inertia moment of the displace 
vibration performance of the light reflection unit . ment portion with respect to an axis of the second torsion bar 

spring portion , and unnecessary vibration for the torsion 
Application Example 4 60 operation around the axis of the second torsion bar spring 

portion is unlikely to be superposed , compared to a structure 
This application example is directed to the optical scanner in which the side where the frame portion is protruded in the 

according to the application example described above , thickness direction with respect to the damper portion and 
wherein a length of the displacement portion in a direction the side where the position with a great thickness of the 
in which the first torsion bar spring portion extends is greater 65 damper portion is protruded are the same sides . That is , since 
than a length of the displacement portion in a direction in a gravity center of the displacement portion may become 
which the second torsion bar spring portion extends . closer to the axis of the second torsion bar spring portion , it 
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unit . 

is possible to reduce combined stress due to the torsion stress According to this application example , the light reflection 
and bending stress applied to the second torsion bar spring unit reflects the light emitted from the light source . Since the 
portion . light reflection unit oscillates around the axes of the two 

directions intersecting with each other , the image display Application Example 7 5 device can display an image by changing a movement 
direction of the light . When the displacement portion oscil 

This application example is directed to the optical scanner lates around the second axis , the damper portion functions as 
according to the application example described above , a damper by flowing the air current around the damper 
wherein the coil includes a second conductive wire portion portion . Accordingly , it is possible to set the displacement 
and a third conductive wire portion , and the third conductive 10 portion to resist reacting with respect to the high frequency 
wire portion has a smaller thickness than that of the second driving . Thus , when the light reflection unit oscillates 
conductive wire portion and a greater width than that of the around the second axis , it is possible to set the light 
second conductive wire portion in a plan view seen from the reflection unit to resist reacting with respect to the high 
thickness direction of the displacement portion , and the third frequency driving . As a result , the image display device can 
conductive wire portion is positioned at a location where the 15 improve the vibration performance of the light reflection 
frame portion and the damper portion are connected to each 
other . Application Example 9 According to this application example , the coil includes 
the second conductive wire portion and the third conductive 20 This application example is directed to a head mount 
wire portion . The third conductive wire portion has a smaller display including : a frame to be mounted on a head of a 
thickness than that of the second conductive wire portion . viewer ; a light source which emits light ; and an optical 
The third conductive wire portion has a greater width than scanner provided on the frame , in which the optical scanner 
that of the second conductive wire portion in a plan view includes a movable plate which includes a light reflection 
seen from the thickness direction of the displacement por - 25 unit which reflects light ; a first torsion bar spring portion 
tion . Accordingly , a cross - sectional area of the second which oscillatably supports the movable plate around a first 
conductive wire portion is the same cross - sectional area as axis ; a displacement portion which is connected to the first 
that of the third conductive wire portion . The displacement torsion bar spring portion ; a second torsion bar spring 
portion oscillates by using the second torsion bar spring portion which oscillatably supports the displacement portion 
portion as an axis . At that time , the frame portion has small 30 around a second axis intersecting with the first axis ; a coil 
deformation and the damper portion is easily bent due to a provided on the displacement portion ; and a magnet which 
smaller thickness than that of the frame portion . Since great is provided to be separated from the displacement portion , 
stress is applied to the displacement portion at a position and generates a magnetic field to be inclined with respect to 
where the frame portion and the damper portion are con - the first axis and the second axis and to act on the coil , and 
nected to each other , the surface of the damper portion is 35 the displacement portion includes a frame portion surround 
expanded and contracted . In the same manner as described ing the movable plate , and a damper portion which has a 
above , the coil positioned at a position where the frame smaller thickness than that of the frame portion and extends 
portion and the damper portion are connected to each other , in a direction intersecting with a direction in which the 
is also expanded and contracted with the oscillation . The second torsion bar spring portion extends from the frame 
third conductive wire portion is installed at this position . 40 portion . 
Since the third conductive wire portion has a smaller thick According to this application example , a viewer can 
ness than that of the second conductive wire portion , internal mount the head mount display on the viewer ' s head by using 
stress of the third conductive wire portion is suppressed . the frame . In the head mount display , the light source emits 
Therefore , it is possible to suppress fatigue failure of the light to the optical scanner . In the optical scanner , the light 
coil . 45 reflection unit reflects the light emitted from the light source . 

Since the light reflection unit oscillates around the axes of 
Application Example 8 the two directions intersecting with each other , the optical 

scanner can display an image by changing the movement 
This application example is directed to an image display direction of the light . When the displacement portion oscil 

device including : a light source which emits light ; and an 50 lates around the second axis , the damper portion functions as 
optical scanner , in which the optical scanner includes a a damper by flowing the air current around the damper 
movable plate which includes a light reflection unit which portion . Accordingly , it is possible to set the displacement 
reflects light ; a first torsion bar spring portion which oscil portion to resist reacting with respect to the high frequency 
latably supports the movable plate around a first axis ; a driving . Thus , when the light reflection unit oscillates 
displacement portion which is connected to the first torsion 55 around the second axis , it is possible to set the light 
bar spring portion ; a second torsion bar spring portion which reflection unit to resist reacting with respect to the high 
oscillatably supports the displacement portion around a frequency driving . As a result , the head mount display can 
second axis intersecting with the first axis ; a coil provided on be set as a device including an optical scanner having 
the displacement portion ; and a magnet which is provided to excellent vibration performance . 
be separated from the displacement portion , and generates a 60 
magnetic field to be inclined with respect to the first axis and Application Example 10 
the second axis and to act on the coil , and the displacement 
portion includes a frame portion surrounding the movable This application example is directed to a heads - up display 
plate , and a damper portion which has a smaller thickness which emits light on a windshield of a vehicle , including : a 
than that of the frame portion and extends in a direction 65 light source which emits light ; and an optical scanner , in 
intersecting with a direction in which the second torsion bar which the optical scanner includes a movable plate which 
spring portion extends from the frame portion . includes a light reflection unit which reflects light ; a first 
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torsion bar spring portion which oscillatably supports the FIGS . 11A and 11B illustrate a third embodiment , in 
movable plate around a first axis ; a displacement portion which FIG . 11A is a schematic plan view showing a struc 
which is connected to the first torsion bar spring portion ; a ture of an optical scanner and FIG . 11B is a schematic 
second torsion bar spring portion which oscillatably sup - cross - sectional side view showing a structure of an optical 
ports the displacement portion around a second axis inter - 5 scanner . 
secting with the first axis ; a coil provided on the displace FIGS . 12A and 12B illustrate a fourth embodiment , in 
ment portion ; and a magnet which is provided to be which FIG . 12A is a schematic plan view showing a struc 
separated from the displacement portion , and generates a ture of an optical scanner and FIG . 12B is a schematic 
magnetic field to be inclined with respect to the first axis and cross - sectional side view showing a structure of an optical 
the second axis and to act on the coil , and the displacement 10 scanner . 
portion includes a frame portion surrounding the movable FIGS . 13 A to 13C illustrate a fifth embodiment , in which 
plate , and a damper portion which has a smaller thickness FIG . 13A is a schematic plan view showing main portions of 
than that of the frame portion and extends in a direction a structure of a displacement portion and FIGS . 13B and 
intersecting with a direction in which the second torsion bar 13C are schematic cross - sectional side views showing main 
spring portion extends from the frame portion . 15 portions of a structure of a winding wire of a coil . 

According to this application example , in the heads - up FIG . 14 is a schematic perspective view showing a 
display , the optical scanner emits the light emitted by the heads - up display according to a sixth embodiment . 
light source on a windshield of a vehicle . In the optical FIG . 15 is a schematic perspective view showing a head 
scanner , the light reflection unit reflects the light emitted mount display according to a seventh embodiment . 
from the light source . Since the light reflection unit oscillates 20 
around the axes of the two directions intersecting with each DESCRIPTION OF EXEMPLARY 
other , the heads - up display can display an image by chang EMBODIMENTS 
ing the movement direction of the light . When the displace 
ment portion oscillates around the second axis , the damper In the embodiments , characteristic examples of an image 
portion functions as a damper by flowing the air current 25 display device , an optical scanner , a heads - up display , a head 
around the damper portion . Accordingly , it is possible to set mount display , and a manufacturing method of the optical 
the displacement portion to resist reacting with respect to the scanner will be described with reference to accompanying 
high frequency driving . Thus , when the light reflection unit drawings . Since each member in each drawing is shown with 
oscillates around the second axis , it is possible to set the light a size to be recognized in each drawing , the drawings are 
reflection unit to resist reacting with respect to the high 30 shown with different reduction scales for each member . 
frequency driving . As a result , the heads - up display can be 
set as a device including an optical scanner with excellent First Embodiment 
vibration performance . 

Image Display Device 
BRIEF DESCRIPTION OF THE DRAWINGS 35 A configuration of an image display device will be 

described with reference to FIG . 1 . FIG . 1 is a schematic 
Embodiments of the invention will be described with perspective view showing a configuration of an image 

reference to the accompanying drawings , wherein like num - display device . An image display device 1 shown in FIG . 1 
bers reference like elements . is a device which displays an image by two - dimensionally 

FIG . 1 is a schematic perspective view showing a con - 40 scanning drawing laser light 3 as light on a screen 2 such as 
figuration of an image display device according to a first a screen or a wall surface . The image display device 1 
embodiment . includes a drawing light source unit 4 which emits the 

FIG . 2 is a schematic perspective view showing a struc drawing laser light 3 , an optical scanner 5 which scans the 
ture of an optical scanner . drawing laser light 3 , a mirror 6 which reflects the drawing 

FIG . 3A is a schematic top view showing a structure of an 45 laser light 3 scanned by the optical scanner 5 , and a control 
optical scanner and FIG . 3B is a schematic cross - sectional unit 7 which controls operations of the drawing light source 
side view showing a structure of an optical scanner . unit 4 and the optical scanner 5 . The mirror 6 may be 

FIG . 4A is a schematic top view showing a structure of a provided if desired , and may be omitted . 
structure and FIG . 4B is a schematic bottom view showing The drawing light source unit 4 includes laser light 
a structure of a structure . 50 sources 8r , 8g , and 8b as red , green , and blue light sources , 
FIGS . 5A and 5B are schematic cross - sectional side views collimator lenses 9r , 9g , 9b and dichroic mirrors 10r , 10g , 

showing a structure of an optical scanner . and 10b which are provided to correspond to the laser light 
FIG . 6A is an electrical block diagram showing a con - sources 8r , 8g , and 8b . 

figuration of a voltage applying unit , FIG . 6B is a diagram Each of the laser light sources 8r , 8g , and 8b includes a 
illustrating a first voltage waveform , and FIG . 6C is a 55 driving circuit ( not shown ) which drives the light source . 
diagram illustrating a second voltage waveform . The laser light source 8r emits a red laser light beam 3r , the 

FIGS . 7A to 7C are schematic views illustrating opera - laser light source 8g emits a green laser light beam 3g , and 
tions of a displacement portion . the laser light source 8b emits a blue laser light beam 3b . 
FIGS . 8A to SD are schematic views illustrating a manu . Each of the laser light beams 3r , 3g , and 3b is emitted 

facturing method of an optical scanner . 60 corresponding to a driving signal transmitted from the 
FIGS . 9A to 9D are schematic views illustrating a manu - control unit 7 , and is set to a parallel light beam or an 

facturing method of an optical scanner . approximately parallel light beam by the collimator lenses 
FIGS . 10A and 10B illustrate a second embodiment , in 9r , 9g , and 9b . As the laser light sources 8r , 8g , and 8b , a 

which FIG . 10A is a schematic plan view showing a struc - semiconductor laser such as an edge emitting semiconductor 
ture of an optical scanner and FIG . 10B is a schematic 65 laser or a surface emitting semiconductor laser can be used , 
cross - sectional side view showing a structure of an optical for example . By using the semiconductor laser , it is possible 
scanner . to provide miniaturized laser light sources 8r , 8g , and 8b . 
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The dichroic mirror 10r , the dichroic mirror 10g , and the the structure 15 is magnetized to the N pole . Accordingly , 
dichroic mirror 10b are disposed according to the disposition lines of magnetic force 16 proceed from the N pole of the 
of the laser light sources 8r , 8g , and 8b . The dichroic mirror first magnet 14a on the upper side in the drawing of the 
10r has a property of reflecting the laser light beam 3r . The structure 15 to the S pole of the second magnet 14b on the 
dichroic mirror 10g has a property of reflecting the laser 5 lower side in the drawing . The lines of magnetic force 16 
light beam 3g and transmitting the laser light beam 3r . The pass through the structure 15 . 
dichroic mirror 10b has a property of reflecting the laser The permanent magnet 14 has a bar shape which extends 
light beam 3b and transmitting the laser light beams 3r and in a direction to be inclined with respect to both axes of the 
3g . Laser light beams 3r , 3g , and 3b with these colors are horizontal axis 11 and the vertical axis 12 . The permanent 
synthesized to be the drawing laser light 3 by the dichroic 10 magnet 14 is magnetized in a direction in which a line 
mirrors 10r , 10g , and 10b . segment which connects the N pole and the S pole to each 

The optical scanner 5 includes a reflection surface 5a as other is inclined with respect to the horizontal axis 11 and 
a light reflection unit , and the drawing laser light 3 emitted the vertical axis 12 in a plan view . An inclined angle of the 
by the drawing light source unit 4 is emitted to the reflection magnetization direction ( extension direction ) of the perma 
surface 5a . The optical scanner 5 oscillates the reflection 15 nent magnet 14 with respect to the horizontal axis 11 is not 
surface 5a by using a horizontal axis 11 as a second axis , and particularly limited , and is preferably from 30° to 60° C . , 
oscillates the reflection surface 5a by using a vertical axis 12 more preferably from 45° to 60° , and even more preferably 
as a first axis . Accordingly , the drawing laser light 3 can be 45° . By providing the permanent magnet 14 as described 
scanned in two directions of the vertical and horizontal above , it is possible to smoothly and reliably oscillate the 
directions . That is , the optical scanner 5 has a function of 20 reflection surface 5a around the horizontal axis 11 . 
two - dimensionally scanning the drawing laser light 3 . The As such a permanent magnet 14 , a neodymium magnet , a 
drawing laser light 3 reflected by the reflection surface 5a is ferrite magnet , a samarium cobalt magnet , an alnico magnet , 
reflected by the mirror 6 and emitted to the screen 2 . a bonded magnet , or the like can be used , for example . The 
Accordingly , a predetermined pattern is drawn on the screen permanent magnet 14 is magnetized with a hard magnetic 

25 substance . 
FIG . 2 is a schematic perspective view showing a struc - As shown in FIG . 3B , the structure 15 is installed on the 

ture of the optical scanner . As shown in FIG . 2 , the optical bottom plate 13a and the side plate 13b is installed sur 
scanner 5 includes a bottomed square tubular housing 13 , rounding the structure 15 . Accordingly , since an operator 
and a planar shape of a bottom plate 13a of the housing 13 grasps the housing 13 when an operator grasps the optical 
is a square . A square tubular side plate 13b is provided to 30 scanner 5 , the optical scanner 5 has a structure hardly 
stand on the bottom plate 13a . In the housing 13 , permanent coming in contact with the structure 15 . Therefore , it is 
magnets 14 as a pair of magnets are installed on the bottom difficult to damage the structure 15 even if the structure 15 
plate 13a along the side plate 13b . Among the permanent has a fragile structure . 
magnets 14 , the permanent magnet 14 at an upper left FIG . 4A is a schematic top view showing a structure of the 
portion of the drawing is referred to as a first magnet 14a and 35 structure and FIG . 4B is a schematic bottom view showing 
the permanent magnet 14 at a lower right portion of the a structure of the structure . FIGS . 5A and 5B are schematic 
drawing is referred to as a second magnet 14b . The first cross - sectional side views showing a structure of the optical 
magnet 14a and the second magnet 14b are disposed so as scanner . FIG . 5A shows a cross section taken along line B - B 
to face each other . of FIG . 4A and FIG . 5B shows a cross section taken along 

In the housing 13 , a structure 15 is disposed between the 40 line C - C of FIG . 4A . 
first magnet 14a and the second magnet 14b . The structure As shown in FIGS . 4A to 5B , the structure 15 includes a 
15 has a shape of a rectangular parallelepiped . A side surface first square tubular supporting frame portion 17 . The first 
of the structure 15 is disposed so as to be inclined with supporting frame portion 17 is installed on the bottom plate 
respect to the side plate 13b of the housing 13 . A direction 13a . A second square tubular supporting frame portion 18 is 
in which one of the side surfaces of the structure 15 extends 45 installed to be overlapped on the first supporting frame 
is set as an X direction . The X direction is a direction in portion 17 . The second supporting frame portion 18 is 
which the horizontal axis 11 extends . A direction orthogonal formed of silicon and an oxide film 18a is installed on a 
to the X direction in the side surface of the structure 15 is set surface of the second supporting frame portion 18 facing the 
as a Y direction . The Y direction is a direction in which the Z direction side . A square frame - shaped supporting portion 
vertical axis 12 extends . A thickness direction of the struc - 50 21 is installed on the Z direction side of the second sup 
ture 15 is set as a Z direction . The side plate 13b of the porting frame portion 18 . The shapes of the supporting 
housing 13 extends from the bottom plate 13a in the Z portion 21 , the first supporting frame portion 17 , and the 
direction . The Z direction is a direction which the reflection second supporting frame portion 18 in the Z direction are 
surface 5a faces . The X direction , the Y direction , and the Z approximately the same . 
direction are orthogonal to each other . The drawing laser 55 A third shaft portion 22 and a fourth shaft portion 23 as 
light 3 is emitted from the Z direction , and the drawing laser a second torsion bar spring portion which extends in the X 
light 3 reflected by the reflection surface 5a moves in the Z direction are installed at the center of the supporting portion 
direction . 21 in the Y direction . The third shaft portion 22 and the 

FIG . 3A is a schematic top view showing a structure of the fourth shaft portion 23 face each other and are disposed 
optical scanner and FIG . 3B is a schematic cross - sectional 60 along the horizontal axis 11 . A displacement portion 24 is 
side view showing a structure of the optical scanner . FIG . 3B installed between the third shaft portion 22 and the fourth 
shows a cross section taken along line A - A of FIG . 3A . As shaft portion 23 . The displacement portion 24 has a square 
shown in FIG . 3A , a side of the first magnet 14a facing the frame shape and is a rectangle having long sides in the Y 
structure 15 is magnetized to the N pole and a side thereof direction . 
separated from the structure 15 is magnetized to the S pole . 65 One end of the third shaft portion 22 is connected to the 
A side of the second magnet 14b facing the structure 15 is supporting portion 21 and the other end thereof is connected 
magnetized to the S pole and a side thereof separated from to the displacement portion 24 . In the same manner as 
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described above , one end of the fourth shaft portion 23 is nected to the movable plate 29 . In the same manner as 
connected to the supporting portion 21 and the other end described above , one end of the second shaft portion 28 is 
thereof is connected to the displacement portion 24 . Accord connected to the plate - shaped member 25 and the other end 
ingly , the third shaft portion 22 and the fourth shaft portion thereof is connected to the movable plate 29 . Accordingly , 
23 have a structure oscillatably supporting the displacement 5 the first shaft portion 27 and the second shaft portion 28 have 
portion 24 . a structure oscillatably supporting the movable plate 29 . The 

The third shaft portion 22 and the fourth shaft portion 23 first shaft portion 27 and the second shaft portion 28 function 
function as a pair of torsion bar springs , and the displace - as a pair of torsion bar springs , and the movable plate 29 
ment portion 24 oscillates by using the horizontal axis 11 as oscillates by using the vertical axis 12 as a rotation axis . 
a rotation axis . The planar shape of the portions of the third 10 The movable plate 29 , the first shaft portion 27 , and the 
shaft portion 22 and the fourth shaft portion 23 connected to second shaft portion 28 configure a first vibration system for 
the supporting portion 21 is a circular arc . Accordingly , it is performing oscillation or reciprocating by using the vertical 
possible to suppress stress concentrated to the portions of the axis 12 as a rotation axis . The first shaft portion 27 and the 
third shaft portion 22 and the fourth shaft portion 23 second shaft portion 28 function as torsion bar springs , and 
connected to the supporting portion 21 . In the same manner 15 the first shaft portion 27 and the second shaft portion 28 have 
as described above , the planar shape of the portions of the a predetermined spring constant . A natural frequency when 
third shaft portion 22 and the fourth shaft portion 23 the movable plate 29 oscillates is determined by the spring 
connected to the displacement portion 24 is circular arc . constant of the first shaft portion 27 and the second shaft 
Accordingly , it is possible to suppress stress concentrated to portion 28 and mass of the movable plate 29 . The torsion bar 
the portions of the third shaft portion 22 and the fourth shaft 20 spring is also referred to as a torsion bar . The displacement 
portion 23 connected to the displacement portion 24 . portion 24 , the movable plate 29 , the first shaft portion 27 , 

The displacement portion 24 is configured with a plate - the second shaft portion 28 , the third shaft portion 22 , and 
shaped member 25 and a square tubular portion 26 . The the fourth shaft portion 23 configure a second vibration 
square tubular portion 26 is positioned on the negative z system for performing oscillation or reciprocating by using 
direction side of the plate - shaped member 25 and has a 25 the horizontal axis 11 as a rotation axis . 
square tubular shape . A part of the displacement portion 24 A reflection film 30 as a light reflection unit is installed on 
positioned on the positive Y direction side of the square the surface of the movable plate 29 facing the Z direction 
tubular portion 26 is set as a thin plate structure portion 24a side , and a part of the drawing laser light beam 3 to be 
as a damper portion . A part of the displacement portion 24 emitted is reflected by the reflection surface 5a which is a 
positioned on the negative Y direction side of the square 30 surface of the reflection film 30 . A reflector 31 as a light 
tubular portion 26 is also set as the thin plate structure reflection unit is configured with the movable plate 29 and 
portion 24a . Accordingly , the thin plate structure portion the reflection film 30 . 
24a , a frame portion 24b , and the thin plate structure portion A second coil 32 as a coil is installed to surround the 
24a are disposed in this order on the displacement portion 24 movable plate 29 on a surface of the displacement portion 24 
in the Y direction . The thin plate structure portion 24a is 35 facing the Z direction side . The second coil 32 is disposed 
configured with a part of the plate - shaped member 25 . A part in a position facing the square tubular portion 26 . A second 
including the square tubular portion 26 and positioned inside wire 33 is installed on the fourth shaft portion 23 so as to be 
of the square tubular portion 26 is set as the frame portion connected to the second coil 32 . The second wire 33 is 
24b . The frame portion 24b is configured with a part of the installed from the second coil 32 to the supporting portion 21 
plate - shaped member 25 and the square tubular portion 26 . 40 through the upper portion of the fourth shaft portion 23 . 
A side where the square tubular portion 26 is installed is A first coil 34 is installed to surround the reflection film 
aside protruding with respect to the thin plate structure 30 on a surface of the movable plate 29 facing the Z 
portion 24a . A thickness of the thin plate structure portion direction side . The first coil 34 is disposed along the 
24a is a thickness of the plate - shaped member 25 , and a periphery of the movable plate 29 . The first coil 34 and the 
thickness of the frame portion 24b is a thickness obtained by 45 second coil 32 are planar coils in which a conductive wire 
adding a thickness of the square tubular portion 26 to the is disposed in a spiral manner . A first wire 35 is installed on 
thickness of the plate - shaped member 25 . Accordingly , the the second shaft portion 28 so as to be connected to the first 
thin plate structure portion 24a has a small thickness and the coil 34 . The first wire 35 is installed from the second shaft 
frame portion 24b has a great thickness . portion 28 to the supporting portion 21 through the upper 

A first shaft portion 27 as a first torsion bar spring portion 50 portion of the second coil 32 and the third shaft portion 22 . 
and a second shaft portion 28 as a first torsion bar spring Since an insulation film 32a is disposed between the second 
portion which extend in the Y direction are installed at the coil 32 and the first wire 35 , the second coil 32 and the first 
center of the displacement portion 24 in the X direction . The wire 35 are insulated from each other . The first coil 34 and 
first shaft portion 27 and the second shaft portion 28 face the second coil 32 are connected to a voltage applying unit 
each other and are disposed according to the vertical axis 12 . 55 36 . By applying a voltage to the first coil 34 and the second 
A movable plate 29 is installed between the first shaft coil 32 by the voltage applying unit 36 , a magnetic field 
portion 27 and the second shaft portion 28 . The movable having a magnetic flux orthogonal to the horizontal axis 11 
plate 29 has a square shape , and a surface on the Z direction and the vertical axis 12 is generated from the first coil 34 and 
side of the movable plate 29 is set as the reflection surface the second coil 32 . The permanent magnet 14 , the first coil 
5a . A hole positioned on the positive X direction side of the 60 34 , the second coil 32 , and the voltage applying unit 36 
first shaft portion 27 and the second shaft portion 28 in the configure a driving unit which drives the first vibration 
displacement portion 24 is set as a first hole 24c , and a hole system and the second vibration system described above . 
positioned on the negative X direction side of the first shaft The movable plate 29 oscillates by using the vertical axis 
portion 27 and the second shaft portion 28 is set as a second 12 as a rotation axis , and the displacement portion 24 
hole 24d . 65 Oscillates by using the horizontal axis 11 as a rotation axis . 

One end of the first shaft portion 27 is connected to the Accordingly , the movable plate 29 and the reflection surface 
plate - shaped member 25 and the other end thereof is con - 5a can oscillate around two axes of the horizontal axis 11 
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and the vertical axis 12 which are orthogonal to each other . um . A length of the hole inside of the supporting portion 21 
The shapes of the first shaft portion 27 , the second shaft in the X direction is 5900 um . 
portion 28 , the third shaft portion 22 , and the fourth shaft A length of the plate - shaped member 25 in the X direction 
portion 23 are not limited as described above , and may have is 2300 um and a length thereof in the Y direction is 3500 
at least a bent or curved portion or a branched portion in the 5 um . A thickness of the plate - shaped member 25 is 40 um . A 
middle thereof , for example . Each of the first shaft portion length of the first hole 24c and the second hole 24d in the Y 
27 , the second shaft portion 28 , the third shaft portion 22 , direction is 2000 um . A width of the square tubular portion 
and the fourth shaft portion 23 may be divided into two and 26 is from 50 um and 100 um and a length thereof in the Z 
be formed as two shafts . direction is from 200 um to 300 um . A length from an edge 

A length of the displacement portion 24 in a direction 10 of the square tubular portion 26 in the Y direction to an edge 
along the vertical axis 12 is greater than a length thereof in of the displacement portion 24 in the Y direction is 750 um . 
a direction along the horizontal axis 11 . That is , when a The movable plate 29 is a square in which a length of one 
length of the displacement portion 24 in a direction along the side is 1000 um . A width of the permanent magnet 14 is 3000 
vertical axis 12 is set as a and a length of the displacement um and a length thereof is 5000 um . A length of the 
portion 24 in a direction along the horizontal axis 11 is set 15 permanent magnet 14 in the Z direction is 3000 um . 
as b , a relationship of a > b is satisfied . Accordingly , it is FIG . 6A is an electrical block diagram showing a con 
possible to reduce a length of the optical scanner 5 in a figuration of the voltage applying unit . As shown in FIG . 6A , 
direction along the horizontal axis 11 , while securing a the voltage applying unit 36 includes a first voltage genera 
length desired for the first shaft portion 27 and the second tion unit 37 which generates a first voltage waveform for 
shaft portion 28 . It is possible to easily respond to the 20 oscillating the movable plate 29 by using the vertical axis 12 
oscillation of the displacement portion 24 using the hori as a rotation axis . The first voltage generation unit 37 outputs 
zontal axis 11 as a rotation axis with respect to a low a voltage to the first coil 34 . The voltage applying unit 36 
frequency , and to easily respond to the oscillation of the further includes a second voltage generation unit 38 which 
movable plate 29 using the vertical axis 12 as a rotation axis generates a second voltage waveform for oscillating the 
with respect to a high frequency . 25 movable plate 29 by using the horizontal axis 11 as a rotation 

The supporting portion 21 , the third shaft portion 22 , the axis . The second voltage generation unit 38 outputs a 
fourth shaft portion 23 , the plate - shaped member 25 , the first voltage to the second coil 32 . The voltage applying unit 36 
shaft portion 27 , the second shaft portion 28 , and the is connected to the control unit 7 . The control unit 7 controls 
movable plate 29 are integrally formed on a first Si layer the first voltage generation unit 37 and the second voltage 
( device layer ) . The portions described above and the square 30 generation unit 38 . The first voltage generation unit 37 
tubular portion 26 are formed by etching an SOI substrate drives the first coil 34 and the second voltage generation unit 
obtained by laminating the first Si layer ( device layer ) , the 38 drives the second coil 32 based on a signal from the 
oxide film 18a ( box layer ) , and a second Si layer ( handle control unit 7 . 
layer ) in this order . The square tubular portion 26 and the FIG . 6B is a diagram illustrating the first voltage wave 
second supporting frame portion 18 are formed from the 35 form . In FIG . 6B , a vertical axis indicates a voltage and a 
second Si layer . Fine processing can be performed on the horizontal axis indicates elapsed time . A first voltage wave 
SOI substrate by etching . Since the supporting portion 21 , form 41 indicates a waveform of a voltage output by the first 
the third shaft portion 22 , the fourth shaft portion 23 , the voltage generation unit 37 . The first voltage waveform 41 
plate - shaped member 25 , the first shaft portion 27 , the forms a waveform such as a sine wave which periodically 
second shaft portion 28 , the movable plate 29 , the square 40 changes in a first period 41a . A frequency of the first voltage 
tubular portion 26 , and the second supporting frame portion waveform 41 is , for example , preferably from 18 kHz to 30 
18 are formed by using the SOI substrate , it is possible to kHz . In the embodiment , the frequency of the first voltage 
obtain excellent dimensional accuracy of these portions . waveform is , for example , set to be equivalent to a torsional 
Accordingly , it is possible to obtain excellent vibration resonance frequency ( fi ) of the first vibration system con 
properties of the first vibration system and the second 45 figured with the movable plate 29 , the first shaft portion 27 , 
vibration system . and the second shaft portion 28 . Accordingly , it is possible 

The second supporting frame portion 18 is disposed on to increase an oscillation angle of the movable plate by using 
the bottom plate 13a side of the supporting portion 21 . The the vertical axis 12 as a rotation axis . Alternatively , it is 
second supporting frame portion 18 increases the strength of possible to suppress power used for oscillating the movable 
the supporting portion 21 . The second supporting frame 50 plate 29 . 
portion 18 surrounds the square tubular portion 26 in the X FIG . 6C is a diagram illustrating the second voltage 
and Y directions . Accordingly , when an operator grasps the waveform . In FIG . 6C , a vertical axis indicates a voltage and 
structure 15 , it is possible to prevent stress applied to the a horizontal axis indicates elapsed time . A second voltage 
third shaft portion 22 and the fourth shaft portion 23 by waveform 42 indicates a waveform of a voltage output by 
grasping the second supporting frame portion 18 . The sec - 55 the second voltage generation unit 38 . The second voltage 
ond supporting frame portion 18 is formed of silicon and an waveform 42 forms a waveform such as a saw - tooth wave 
oxide film 18a is formed on a surface of the second which periodically changes in a second period 42a which is 
supporting frame portion 18 on the supporting portion 21 longer than the first period 41a . A frequency of the second 
side . voltage waveform 42 is lower than the frequency of the first 

The dimensions of each member are not particularly 60 voltage waveform 41 , and is , for example , preferably from 
limited , but in the embodiment , dimensions of each portion 60 Hz to 120 Hz . In the embodiment , the frequency of the 
are set to the following values , for example . A length of the second voltage waveform 42 is adjusted so as to be a 
structure 15 in the X direction is 7000 um and a length frequency different from a torsional resonance frequency 
thereof in the Y direction is 4000 um . A length of the optical ( f2 ) of the second vibration system configured with the 
scanner 5 in the Z direction is 3000 um . A height of the first 65 movable plate 29 , the first shaft portion 27 , the second shaft 
supporting frame portion 17 is 1000 um and a height of the portion 28 , the displacement portion 24 , the third shaft 
second supporting frame portion 18 is from 200 um to 300 portion 22 , and the fourth shaft portion 23 . The frequency of 



US 9 , 759 , 908 B2 
15 16 

the second voltage waveform 42 is set to be smaller than the fourth shaft portion 23 are twisted and deformed with this 
frequency of the first voltage waveform 41 . Accordingly , it vibration , and the movable plate 29 oscillates at the fre 
is possible to oscillate the movable plate 29 at the frequency quency of the second voltage waveform 42 by using the 
of the first voltage waveform 41 by using the vertical axis 12 horizontal axis 11 as a rotation axis . 
as a rotation axis and to oscillate the movable plate 29 at the 5 The frequency of the second voltage waveform 42 is set 
frequency of the second voltage waveform 42 by using the to be extremely lower than the frequency of the first voltage 
horizontal axis 11 as a rotation axis , in a more reliable and waveform 41 . The torsional resonance frequency of the 
smooth manner . second vibration system is set to be even lower than the 
When the torsional resonance frequency of the first vibra torsional resonance frequency of the first vibration system . 

tion system is set as f1 ( Hz ) and the torsional resonance 10 Accordingly , the oscillation of the movable plate 29 at the 
frequency of the second vibration system is set as f2 ( Hz ) , frequency of the second voltage waveform 42 by using the 
it is preferable that fl and f2 satisfy a relationship of f2 < fl . vertical axis 12 as a rotation axis is suppressed . 
Accordingly , it is possible to oscillate the movable plate 29 As described above , in the optical scanner 5 , the voltage 
at the frequency of the first voltage waveform 41 by using applying unit 36 outputs the first voltage waveform 41 to the 
the vertical axis 12 as a rotation axis and to oscillate the 15 first coil 34 and outputs the second voltage waveform 42 to 
movable plate 29 at the frequency of the second voltage the second coil 32 . Accordingly , the movable plate 29 is 
waveform 42 by using the horizontal axis 11 as a rotation oscillated at the frequency of the first voltage waveform 41 
axis , in a more smooth manner . by using the vertical axis 12 as a rotation axis , and the 
Next , the driving method of the optical scanner 5 will be movable plate is oscillated at the frequency of the second 

described . The frequency of the first voltage waveform 41 is 20 voltage waveform 42 by using the horizontal axis 11 as a 
set to be equivalent to the torsional resonance frequency of rotation axis . The movable plate 29 is oscillated around the 
the first vibration system . The frequency of the second axes of the horizontal axis 11 and the vertical axis 12 , and 
voltage waveform 42 is set to be lower than the frequency accordingly the drawing laser light 3 reflected by the reflec 
of the first voltage waveform 41 . tion film 30 is two - dimensionally scanned . 

The voltage applying unit 36 outputs a voltage waveform 25 The control unit 7 has a function of controlling the 
of the first voltage waveform 41 to the first coil 34 . Since the operations of the drawing light source unit 4 and the optical 
lines of magnetic force 16 act on the first coil 34 , an scanner 5 . In detail , the control unit 7 drives the optical 
electromagnetic force in a predetermined direction acts on scanner 5 so as to cause the movable plate 29 to oscillate by 
the first coil 34 . Accordingly , the movable plate 29 is twisted using the horizontal axis 11 and the vertical axis 12 as 
by using the first shaft portion 27 and the second shaft 30 rotation axes . In addition , the control unit 7 synchronizes the 
portion 28 as rotation axes . The first voltage waveform 41 is light with the oscillation of the movable plate 29 , and emits 
a waveform similar to a sine wave and causes inversion of the drawing laser light 3 from the drawing light source unit 
a direction of current flowing through the first coil 34 . 4 . The control unit 7 includes an interface ( not shown ) , and 
Accordingly , a direction of an electromagnetic force acting the control unit 7 inputs image data transmitted from an 
on the first coil 34 is inverted . Since a direction of an 35 external computer through the interface . The control unit 7 
electromagnetic force acting on the first coil 34 is inverted emits the laser light beams 3r , 3g , and 3b with a predeter 
at time intervals of half of the first period 41a , the movable mined intensity from the laser light sources 8r , 8g , and 8b at 
plate 29 oscillates by using the first shaft portion 27 and the a predetermined timing based on the image data . Accord 
second shaft portion 28 as rotation axes . Vibration having a ingly , the optical scanner 5 emits the drawing laser light 3 
torsional vibration component using the vertical axis 12 as 40 with a predetermined color and light intensity at a prede 
a rotation axis is excited on the movable plate 29 . The first termined timing . Thus , an image corresponding to the image 
shaft portion 27 and the second shaft portion 28 are twisted data is displayed on the screen 2 . 
and deformed with this vibration , and the movable plate 29 FIGS . 7A to 7C are schematic views illustrating opera 
oscillates at the frequency of the first voltage waveform 41 tions of the displacement portion . FIG . 7A is a diagram when 
by using the vertical axis 12 as a rotation axis . Since the 45 the displacement portion 24 is rotated clockwise by using 
frequency of the first voltage waveform 41 is equivalent to the horizontal axis 11 as a rotation axis . FIG . 7B is a diagram 
the torsional resonance frequency of the first vibration when the displacement portion 24 is horizontal . FIG . 7C is 
system , the first coil 34 can cause the movable plate 29 to a diagram when the displacement portion 24 is rotated 
greatly oscillate by the resonance vibration . counterclockwise by using the horizontal axis 11 as a 

The voltage applying unit 36 outputs a voltage waveform 50 rotation axis . 
of the second voltage waveform 42 to the second coil 32 . When the voltage applying unit 36 is electrically con 
Since the lines of magnetic force 16 act on the second coil nected to the second coil 32 , the displacement portion 24 is 
32 , an electromagnetic force in a predetermined direction driven by the second voltage waveform 42 . The displace 
acts on the second coil 32 . Accordingly , the displacement ment portion 24 oscillates by using the third shaft portion 22 
portion 24 is twisted by using the third shaft portion 22 and 55 and the fourth shaft portion 23 as rotation axes in the order 
the fourth shaft portion 23 as rotation axes . The second of FIG . 7A , FIG . 7B , FIG . 7C , FIG . 7B , and FIG . 7A . 
voltage waveform 42 is a triangular wave and causes inver - One end of each of the first shaft portion 27 and the 
sion of a direction of current flowing through the second coil second shaft portion 28 supports the movable plate 29 and 
32 . Accordingly , a direction of an electromagnetic force the other end of each of the first shaft portion 27 and the 
acting on the second coil 32 is inverted . Since a direction of 60 second shaft portion 28 is connected to the displacement 
an electromagnetic force acting on the second coil 32 is portion 24 . The displacement portion 24 is supported by the 
inverted at time intervals of half of the second period 42a , third shaft portion 22 and the fourth shaft portion 23 . A 
the movable plate 29 oscillates by using the third shaft direction in which the first shaft portion 27 and the second 
portion 22 and the fourth shaft portion 23 as rotation axes . shaft portion 28 extend , and a direction in which the third 
Vibration having a torsional vibration component using the 65 shaft portion 22 and the fourth shaft portion 23 extend are 
horizontal axis 11 as a rotation axis is excited on the orthogonal to each other . The movable plate 29 oscillates 
displacement portion 24 . The third shaft portion 22 and the around the vertical axis 12 , and the displacement portion 24 
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oscillates around the horizontal axis 11 . Accordingly , the deposition method , the second coil 32 and the second wire 
movable plate 29 oscillates around axes in two directions 33 can be formed by forming a resist film and using a 
orthogonal to each other . photolithography and an etching method . A metal wire can 

The permanent magnet 14 is fixed to the housing 13 . The be formed by using a well - known method such as plating , 
displacement portion 24 is driven by the magnetic field on 5 and therefore the detailed description thereof will be omit 
the permanent magnet 14 and the second coil 32 . By driving ted . The metal wire can also be formed by an ink jet method , 
the displacement portion 24 with the electrical connection of in addition to offset printing , screen printing , and letterpress 
the second coil 32 , the optical scanner 5 can cause the printing , other than a method of plating . movable plate 29 including the reflection surface 5a to Next , as shown in FIG . 8B , the insulation film 32a is oscillate around axes in two directions intersecting with each 10 disposed on a part of the second coil 32 . The insulation film other . 32a is disposed at a predetermined position where the The displacement portion 24 includes the thick frame second coil 32 and the first wire 35 are overlapped in a plan portion 24b and the thin plate structure portion 24a . The view seen from the Z direction . The insulation film 32a can frame portion 24b is positioned to be close to the third shaft ate 15 be formed by printing a resin material having an insulating 
structure portion 24a is positioned at a location separated property . In the printing , an ink jet method can be used in 
from the third shaft portion 22 and the fourth shaft portion addition to offset printing , screen printing , and letterpress 
23 . The inertia moment of the displacement portion 24 of the printing . 
optical scanner 5 is decreased , compared to when the Next , the first coil 34 and the first wire 35 are installed . 
thickness of the thin plate structure portion 24a is the same 20 The first coil 34 is installed on the first silicon layer 45 . The 
as the thickness of the frame portion 24b . As the inertia first wire 35 is installed on the first silicon layer 45 and the 
moment of the displacement portion becomes smaller , the insulation film 32a . Since the first coil 34 and the first wire 
power consumed for driving the displacement portion 24 can 35 are connected to each other , the first coil 34 and the first 
be reduced . Accordingly , it is possible to reduce the power wire 35 may be formed at the same time . As the forming 
consumed for driving the optical scanner 5 . 25 method of the first coil 34 and the first wire 35 , the same 
When the displacement portion 24 oscillates around the forming method as the forming method of the second coil 32 

axes of the third shaft portion 22 and the fourth shaft portion and the second wire 33 can be used . The description of the 
23 , an air current 43 is generated around the frame portion forming method of the first coil 34 and the first wire 35 will 
24b and the thin plate structure portion 24a . The thin plate be omitted . 
structure portion 24a functions as a damper which attenuates 30 Next , the reflection film 30 is formed on the first silicon 
the rotation rate due to the air current 43 . Accordingly , it is layer 45 . The material of the reflection film 30 is formed by 
possible to set the displacement portion 24 to resist reacting a method such as vapor deposition and sputtering . The first 
with respect to the driving of the first voltage waveform 41 silicon layer 45 may be polished to set a mirror surface , 
having a high frequency . Thus , when the movable plate 29 before forming the reflection film 30 . Accordingly , the 
oscillates around the third shaft portion 22 and the fourth 35 drawing laser light 3 can be reflected at an angle with 
shaft portion 23 , it is possible to set the movable plate 29 to excellent precision . A step of polishing the first silicon layer 
be hardly affected by the driving of the first voltage wave - 45 to set a mirror surface is not particularly limited , and it 
form 41 having a high frequency . As a result , it is possible is preferable to perform the step before installing the resist 
to improve the vibration performance of the movable plate layer 44 . 
29 . That is , the movable plate 29 can oscillate by using the 40 Next , as shown in FIG . 8C , the resist layer 44 is coated . 
vertical axis 12 as an axis in accordance with the first voltage The resist layer 44 is coated by covering the reflection film 
waveform 41 , and the displacement portion 24 can oscillate 30 , the second coil 32 , the second wire 33 , the first coil 34 , 
by using the horizontal axis 11 as an axis in accordance with and the first wire 35 . Next , the resist layer 44 and the mask 
the second voltage waveform 42 . When the movable plate oxide film 47 are patterned . The resist layer 44 is patterned 
29 oscillates around the horizontal axis 11 , the displacement 45 in the shape of the movable plate 29 , the first shaft portion 
portion 24 can be oscillated so as not to be affected by the 27 , the second shaft portion 28 , the plate - shaped member 25 , 
first voltage waveform 41 . the third shaft portion 22 , the fourth shaft portion 23 , and the 
FIGS . 8A to 9D are schematic views illustrating a manu - supporting portion 21 . The mask oxide film 47 is patterned 

facturing method of the optical scanner . Next , the manufac - in the shape of the second supporting frame portion 18 and 
turing method of the optical scanner 5 will be described with 50 the square tubular portion 26 . 
reference to FIGS . 8A to 9D . First , apart of the structure 15 Next , as shown in FIG . 8D , the first silicon layer 45 is 
is manufactured . As shown in FIG . 8A , a laminated substrate subjected to dry etching by using the resist layer 44 as a 
48 in which a first silicon layer 45 , the oxide film 18a , a mask . The movable plate 29 , the first shaft portion 27 , the 
second silicon layer 46 , and a mask oxide film 47 from the second shaft portion 28 , the plate - shaped member 25 , the 
top of the drawing are laminated on each other is prepared . 55 third shaft portion 22 , the fourth shaft portion 23 , and the 
The oxide film 18a and the mask oxide film 47 are layers supporting portion 21 are formed by this etching . 
formed of silicon dioxide . A thickness of each layer is not Next , as shown in FIG . 9A , the second silicon layer 46 is 
particularly limited , but in the embodiment , for example , a subjected to etching by an etching method such as dry 
thickness of the first silicon layer 45 is set to be approxi - etching , for example . At that time , the mask oxide film 47 is 
mately 40 um , a thickness of the oxide film 18a is set to be 60 used as a mask . The second supporting frame portion 18 and 
approximately 0 . 5 um , a thickness of the second silicon the square tubular portion 26 are formed . Next , as shown in 
layer 46 is set to be approximately 250 um , and a thickness FIG . 9B , an exposed part of the oxide film 18a and the mask 
of the mask oxide film 47 is set to be approximately 0 . 5 um . oxide film 47 are etched and removed . In addition , the resist 

Next , the second coil 32 is installed on the first silicon layer 44 is peeled off and removed . 
layer 45 and the second wire 33 is installed on a portion from 65 When forming the plurality of structures 15 on one silicon 
the fourth shaft portion 23 to the supporting portion 21 . After w afer , the structures 15 are cut by a method such as dicing . 
forming a metal film by a sputtering method and a vapor As described above , a part of the structure 15 is obtained . 
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Next , as shown in FIG . 9C , the housing 13 in which the second supporting frame portion 18 , the oxide film 18a , and 

permanent magnet 14 and the first supporting frame portion the supporting portion 21 in a square tubular shape . 
17 are installed on the bottom plate 13a is prepared . The third shaft portion 53 and a fourth shaft portion 54 as 
permanent magnet 14 and the first supporting frame portion a second torsion bar spring portion which extends in the X 
17 can be adhered to the housing 13 by using an adhesive 5 direction are installed at the center of the supporting portion 
material . Next , as shown in FIG . 9D , the first supporting 21 in the Y direction . A displacement portion 55 is installed 
frame portion 17 and the second supporting frame portion 18 between the third shaft portion 53 and the fourth shaft 
are adhered to be overlapped with each other . As described portion 54 . The displacement portion 55 has a square frame 

above , the optical scanner 5 is completed . shape and is a rectangle having long sides in the Y direction . 
As described above , according to the embodiment , the the 10 A length of the displacement portion 55 in the X direction is 

smaller than the length of the displacement portion 24 of the following effects are obtained . 
( 1 ) According to the embodiment , the displacement por first embodiment . A length of the displacement portion 55 in 

the Y direction is the same length as that of the displacement tion 24 includes the frame portion 24b and the thin plate portion 24 of the first embodiment . The length of the structure portion 24a . The thin plate structure portion 24a 15 displacement ta 15 displacement portion 55 in a direction along the vertical axis extends in a direction orthogonal to the direction in which 12 is set as c , and the length of the displacement portion 55 
the third shaft portion 22 and the fourth shaft portion 23 in a direction along the horizontal axis 11 is set as d . 
extend from the frame portion 24b . When the displacement The displacement portion 55 is configured with a plate 
portion 24 oscillates around the third shaft portion 22 and the shaped member 56 and a square tubular portion 57 . Apart of 
fourth shaft portion 23 , the thin plate structure portion 24a 20 the displacement portion 55 positioned on the positive Y 
functions as a damper by generating the air current around direction side of the square tubular portion 57 is set as a thin 
the thin plate structure portion . Accordingly , it is possible to plate structure portion 55a . A part of the displacement 
set the displacement portion 24 to resist reacting with portion 55 positioned on the negative Y direction side of the 
respect to the high frequency driving . Thus , when the square tubular portion 57 is also set as the thin plate structure 
reflector 31 oscillates around the third shaft portion 22 and 25 portion 55a . A part including the square tubular portion 57 
the fourth shaft portion 23 , it is possible to set the reflector and positioned inside of the square tubular portion 57 is set 
to resist reacting with respect to the high frequency driving . as a frame portion 556 . The frame portion 55b is configured 
As a result , it is possible to improve the vibration perfor with a part of the plate - shaped member 56 and the square 
mance of the reflector 31 . tubular portion 57 . A thickness of the thin plate structure 

( 2 ) According to the embodiment , the lengths of the 30 portion 55a is thinner than a thickness of the frame portion 
displacement portion 24 in the two directions intersecting 55b . 
with each other are different from each other . When the first shaft portion 58 and a second shaft portion 59 as 
length of the displacement portion 24 in a direction along the a first torsion bar spring portion which extends in the Y 
vertical axis 12 is set as a and the length of the displacement direction are installed at the center of the displacement 
portion 24 in a direction along the horizontal axis 11 is set 35 portion 55 in the X direction . A movable plate 60 is installed 
as b , a relationship of a > b is satisfied . Accordingly , when the between the first shaft portion 58 and the second shaft 
displacement portion 24 oscillates around the third shaft portion 59 . The movable plate 60 has a square shape , and a 
portion 22 and the fourth shaft portion 23 , a movement size of the movable plate 60 is smaller than that of the 
amount of the thin plate structure portion 24a increases movable plate 29 of the first embodiment . Accordingly , 
compared to when the displacement portion oscillates 40 lengths of the plate - shaped member 56 and the displacement 
around the first shaft portion 27 and the second shaft portion portion 55 in the X direction can be set to be small . 
28 . Accordingly , when the displacement portion oscillates A second coil 61 is installed to surround the movable plate 
around the third shaft portion 22 and the fourth shaft portion 60 on a surface of the displacement portion 55 facing the Z 
23 , resistance increases , compared to when the displacement direction side . The second coil 61 is disposed in a position 
portion oscillates around the first shaft portion 27 and the 45 facing the square tubular portion 57 . A second wire 62 is 
second shaft portion 28 . As a result , it is possible to set the installed on the fourth shaft portion 54 so as to be connected 
displacement portion 24 to resist reacting around the third to the second coil 61 . The second wire 62 is installed from 
shaft portion 22 and the fourth shaft portion 23 with respect the second coil 61 to the supporting portion 21 through the 
to the high frequency driving . upper portion of the fourth shaft portion 54 . 

50 first coil 63 is installed on a surface of the movable plate 
Second Embodiment 60 facing the Z direction side . The first coil 63 is disposed 

along the periphery of the movable plate 60 . The first coil 63 
Next , one embodiment of an optical scanner will be and the second coil 61 are planar coils in which a conductive 

described with reference to FIG . 10A showing a schematic wire is disposed in a spiral manner . A first wire 64 is installed 
plan view showing a structure of the optical scanner and 55 on the second shaft portion 59 so as to be connected to the 
FIG . 10B showing a schematic cross - sectional side view first coil 63 . The first wire 64 is disposed from the second 
showing a structure of the optical scanner . FIG . 10B is a shaft portion 59 to the supporting portion 21 through the 
cross - sectional view taken along line D - D of FIG . 10A . The upper portion of the second coil 61 and the third shaft 
shape of the reflector 31 of the embodiment shown in FIGS . portion 53 . Since an insulation film 61a is disposed between 
4A to 5B is different from that of the first embodiment . The 60 the second coil 61 and the first wire 64 , the second coil 61 
description of the same points as the first embodiment will and the first wire 64 are insulated from each other . The first 
be omitted . coil 63 and the second coil 61 are connected to the voltage 

That is , in the embodiment , as shown in FIGS . 10A and applying unit 36 . By applying a voltage to the first coil 63 
10B , an optical scanner 51 includes a structure 52 . The and the second coil 61 by the voltage applying unit 36 , a 
structure 52 is installed on the bottom plate 13a of the 65 magnetic field having a magnetic flux orthogonal to the 
housing 13 . The structure 52 is installed on the bottom plate horizontal axis 11 and the vertical axis 12 is generated from 
13a by laminating the first supporting frame portion 17 , the the first coil 63 and the second coil 61 . The permanent 
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magnet 14 , the first coil 63 , the second coil 61 , and the with respect to the high frequency driving . As a result , it is 
voltage applying unit 36 configure a driving unit which possible to improve the vibration performance of the light 
drives the first vibration system and the second vibration reflection unit 65 . 
system described above . As described above , according to the embodiment , the 

A light reflection unit 65 is installed on the movable plate 5 following effects are obtained . 
60 . The light reflection unit 65 includes a support 66 and a ( 1 ) According to the embodiment , the reflection plate 67 
reflection plate 67 . The support 66 is installed on the and the displacement portion 55 are installed at an interval 
movable plate 60 and the reflection plate 67 is installed on in the Z direction . In a plan view seen from the Z direction 
the support 66 . The reflection film 30 is installed on the side , the reflection plate 67 is overlapped with the displace 
surface of the reflection plate 67 on the Z direction side , and surface of the reflection plate 67 on the Z direction side and 10 ment portion 55 . In this configuration , a length of the 

displacement portion 55 can be set to be small , compared to the surface of the reflection plate 67 on the Z direction side 
is set as the reflection surface 5a . The reflection plate 67 and when the reflection plate 67 and the displacement portion 55 

are positioned on the same plane . Accordingly , it is possible the displacement portion 55 are installed at an interval in the to provide the miniaturized optical scanner 51 . Z direction , and in a plan view seen from the Z direction 1 
side , a part of the reflection plate 67 is disposed so as to be Third Embodiment overlapped with the displacement portion 55 . 

A hole positioned on the positive X direction side of the Next , one embodiment of an optical scanner will be 
first shaft portion 58 and the second shaft portion 59 in the described with reference to FIG . 11A showing a schematic 
displacement portion 55 is set as a first hole 55c , and a hole 20 plan view showing a structure of the optical scanner and 
positioned on the negative X direction side of the first shaft FIG . 11B showing a schematic cross - sectional side view 
portion 58 and the second shaft portion 59 is set as a second showing a structure of the optical scanner . FIG . 11B is a 
hole 55d . The plate - shaped member 56 surrounding the first cross - sectional view taken along line E - E of FIG . 11A . The 
hole 55c and the second hole 55d is a part of the displace - different point of the embodiment from the first embodiment 
ment portion 55 . In a plan view seen from the Z direction 25 is installation of weights on both ends of the displacement 
side , the reflection plate 67 protrudes in the positive x portion 24 . The description of the same points as the first 
direction with respect to the first hole 55c and protrudes in embodiment will be omitted . 
the negative X direction with respect to the second hole 55d . That is , in the embodiment , as shown in FIGS . 11A and 
That is , in a plan view seen from the Z direction side , a part 11B , in a structure 72 of an optical scanner 71 , weight 
of the reflection plate 67 is disposed so as to be overlapped 30 ved 30 portions 73 are installed on an end of the positive Y direction 
with the displacement portion 55 . A diameter of the reflec side and an end of the negative Y direction side of the thin 

plate structure portion 24a . Since the thickness of the thin tion plate 67 is the same as the length of one side of the plate structure portion 24a is obtained by adding a thickness movable plate 29 of the first embodiment . A reflector 68 is of the weight portion 73 to the thickness of the plate - shaped configured with the movable plate 60 and the light reflection 35 nt fellection 35 member 25 , the thickness of the thin plate structure portion unit 65 . 24a at the position where the weight portion 73 is installed Dimensions of each member are not particularly limited , is increased . That is , the thin plate structure portion 24a 
but in the embodiment , dimensions of each portion are set to becomes thicker at the position separated from the third 
the following values , for example . A length of the structure shaft portion 22 and the fourth shaft portion 23 than at the 
52 in the X direction is 6000 um and a length thereof in the 40 position close to the shaft portions . 
Y direction is 3000 um . A length of the first supporting frame It is possible to increase the inertia moment of the 
portion 17 in the Z direction is 1000 um . A thickness of the displacement portion 24 around the horizontal axis 11 , 
supporting portion 21 is 40 um . A length of the second compared to when the thickness of the thin plate structure 
supporting frame portion 18 in the Z direction is from 200 portion 24a separated from the horizontal axis 11 is thin . 
um to 300 um . 45 Accordingly , it is possible to set the displacement portion 24 

A length d of the displacement portion 55 in the X to resist reacting with respect to the high frequency driving . 
direction is 800 um and a length c thereof in the Y direction Thus , when the movable plate 29 oscillates around the 
is 2200 um . A thickness of the displacement portion 55 in the horizontal axis 11 , it is possible to set the movable plate to 
Z direction is 40 um . A length of the first hole 55c and the resist reacting with respect to the high frequency driving . As 
second hole 55d in the Y direction is 840 um . A distance 50 a result , it is possible to improve the vibration performance 
from a surface of an edge of the square tubular portion 57 on of the movable plate 29 . 
the Y direction side to a surface of an edge of the displace . The location of the thin plate structure portion 24a where 
ment portion 55 on the Y direction side is 430 um . A length the weight portion 73 is installed is disposed on the surface 
of the square tubular portion 57 in the Z direction is from opposite the side where the square tubular portion 26 is 
200 um to 300 um and a thickness thereof is from 50 um to 55 installed in the displacement portion 24 . That is , the weight 
100 um . A thickness of the second wire 62 and the first wire portion 73 is installed on the Z direction side of the dis 
64 is from 5 um to 10 um . placement portion 24 . The Z direction is a direction in which 

The movable plate 60 is a square in which a length of one the frame portion 24b protrudes with respect to the thin plate 
side is 300 um , and a thickness thereof is 40 um . The support structure portion 24a due to the square tubular portion 26 . At 
66 has a prismatic shape , and a length of one side in the cross 60 that time , compared to a structure in which the side where 
section is 270 um . A diameter of the reflection plate 67 is the square tubular portion 26 is installed is the same as the 
from 800 um to 1000 um . side where the weight portion 73 is installed , a gravity center 

Even when the light reflection unit 65 is installed on the of the displacement portion 24 can be set to be close to the 
displacement portion 55 , the thin plate structure portion 55a shafts of the third shaft portion 22 and the fourth shaft 
functions as a damper . Accordingly , when the displacement 65 portion 23 as the second torsion bar spring portion . Accord 
portion 55 oscillates around the horizontal axis 11 , it is ingly , it is possible to reduce combined stress due to the 
possible to set the displacement portion to resist reacting torsion stress and bending stress applied to the second 
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torsion bar spring portions , and to increase reliability with first embodiment is that a part of the winding wire of the 
respect to damage to the second torsion bar spring portions . second coil 32 is set to be thin . The description of the same 

Dimensions of the weight portion 73 are not particularly points as the first embodiment will be omitted . 
limited , but in the embodiment , the dimensions of the weight That is , in the embodiment , as shown in FIG . 13A , a 
portion 73 are set to the following values , for example . A 5 structure 82 of an optical scanner 81 includes a displacement 
width of the weight portion 73 is from 50 um to 100 um and portion 83 . The displacement portion 83 is configured with 
a length thereof in the Z direction is from 200 um to 300 um . a thin plate structure portion 83a and a frame portion 83b . 

The displacement portion 83 includes the plate - shaped 
Fourth Embodiment member 25 and the square tubular portion 26 is installed on 

10 the negative Z direction side of the plate - shaped member 25 . 
Next , one embodiment of the optical scanner will be A second coil 84 is installed on the surface of the plate 

described with reference to FIG . 12A showing a schematic shaped member 25 on the positive Z direction side . The 
plan view showing a structure of the optical scanner and displacement portion 83 , the thin plate structure portion 83a , 
FIG . 12B showing a schematic cross - sectional side view the frame portion 83b , and the second coil 84 are portions 
showing a structure of the optical scanner . FIG . 12B is a 15 respectively corresponding to the displacement portion 24 , 
cross - sectional view taken along line F - F of FIG . 12A . The the thin plate structure portion 24a , the frame portion 24b , 
embodiment is different from the third embodiment in that and the second coil 32 of the first embodiment . 
the surface of the displacement portion 24 where the weight The second coil 84 is formed of a second conductive wire 
portion 73 is installed is different . The description of the portion 84a and a third conductive wire portion 84b . The 
same points as the third embodiment will be omitted . 20 third conductive wire portion 84b is formed to have a greater 

That is , in the embodiment , as shown in FIGS . 12A and width than that of the second conductive wire portion 84a . 
12B , in a structure 77 of an optical scanner 76 , weight As shown in FIGS . 13B and 13C , the third conductive wire 
portions 78 are installed on an end of the positive Y direction portion 84b is formed to be thinner than the second con 
side and an end of the negative Y direction side of the thin ductive wire portion 84a . That is , the third conductive wire 
plate structure portion 24a . The location of the thin plate 25 portion 845 is formed to have a greater width and a smaller 
structure portion 24a where the weight portion 78 is thickness than those of the second conductive wire portion 
installed is disposed on a surface on the same side as the side 84a . A cross - sectional area of the third conductive wire 
where the square tubular portion 26 is installed in the portion 845 is approximately the same cross - sectional area 
displacement portion 24 . That is , the weight portion 78 is as that of the second conductive wire portion 84a . Accord 
installed on the negative Z direction side of the displacement 30 ingly , a resistance value of the third conductive wire portion 
portion 24 . Lengths of the second supporting frame portion 84b is approximately the same resistance value as a resis 
18 , the square tubular portion 26 , and the weight portion 78 tance value of the second conductive wire portion 84a . 
in the Z direction are the same length , and the portions By returning to FIG . 13A , the third conductive wire 
thereof have the same materials . portion 84b is installed at a position where the thin plate 

Accordingly , the second supporting frame portion 18 , the 35 structure portion 83a and the frame portion 83b are con 
square tubular portion 26 , and the weight portion 78 are nected to each other . The position where the thin plate 
formed by etching in the same step . Thus , it is possible to structure portion 83a and the frame portion 83b are con 
have a structure which is easy to manufacture the optical nected to each other is a position having a difference in level 
scanner 76 . with changing thickness of the displacement portion 83 . 
Dimensions of the weight portion 78 are not particularly 40 When the displacement portion 83 oscillates around the third 

limited , but in the embodiment , the dimensions of the weight shaft portion 22 and the fourth shaft portion 23 , bending 
portion 78 are set to the following values , for example . A stress is applied to the position where the thin plate structure 
width of the weight portion 78 is from 50 um to 100 um and portion 83a and the frame portion 83b are connected to each 
a length thereof in the Z direction is from 200 um to 300 um . other . At this position , the plate - shaped member 25 is 

In this structure , it is possible to increase the inertia 45 repeatedly bent in the positive Z direction and the negative 
moment of the displacement portion 24 around the horizon Z direction , and the second coil 84 is expanded and con 
tal axis 11 , compared to when the thickness of the thin plate tracted . The third conductive wire portion 84b having a 
structure portion 24a separated from the horizontal axis 11 small thickness is installed at a position where the thin plate 
is thin . Accordingly , it is possible to set the displacement structure portion 83a and the frame portion 83b are con 
portion 24 to resist reacting with respect to the high fre - 50 nected to each other . Accordingly , since stress decreases 
quency driving . Thus , when the movable plate 29 oscillates when the second coil 84 is bent , fatigue failure of the second 
around the horizontal axis 11 , it is possible to set the coil 84 hardly occurs . As a result , it is possible to suppress 
movable plate to resist reacting with respect to the high disconnection of the second coil 84 . 
frequency driving with . As a result , it is possible to improve A portion of the second coil 84 which extends in the X 
the vibration performance of the movable plate 29 . 55 direction in which the third shaft portion 22 and the fourth 

shaft portion 23 extend is set as a first conductive wire 
Fifth Embodiment portion 84c . The first conductive wire portion 84c is posi 

tioned at a position separated from the frame portion 83b . 
Next , one embodiment of the optical scanner will be Bending stress is applied to the position where the thin 

described with reference to FIGS . 13A to 13C . FIG . 13A is 60 plate structure portion 83a and the frame portion 83b are 
a schematic plan view showing main portions of a structure connected to each other . Since at this position , the plate 
of the displacement portion . FIGS . 13B and 13C are sche - shaped member 25 is repeatedly bent in the positive Z 
matic cross - sectional side views showing main portions of a direction and the negative Z direction , repetitive stress 
structure of a winding wire of the coil . FIG . 13B is a occurs on the displacement portion 83 . Since a position 
cross - sectional view taken along line G - G of FIG . 13A and 65 where the first conductive wire portion 84c is installed is 
FIG . 13C is a cross - sectional view taken along line H - H of separated from a position where the thin plate structure 
FIG . 13A . The different point of the embodiment from the portion 83a and the frame portion 83b are connected to each 
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other , the position where the first conductive wire portion is and an image may be displayed on two display units so as 
installed is separated from a position where the stress to recognize the image with both eyes . 
fluctuates . Accordingly , it is possible to reduce stress fluc - The drawing light source unit 4 and the optical scanner 5 
tuation , compared to when the first conductive wire portion are installed in the image display device 1 . In the optical 
84c is installed at a position where the thin plate structure 5 scanner 5 installed in the image display device 1 , the thin 
portion 83a and the frame portion 83b are connected to each plate structure portion 24a functions as a damper by gener 
other . As a result , it is possible to suppress disconnection of ating the air current 43 around the thin plate structure 
the first conductive wire portion 84c due to fatigue of metals . portion . Accordingly , it is possible to set the oscillation of 

the displacement portion 24 around the horizontal axis 11 to 
Sixth Embodiment resist reacting with respect to the high frequency driving . 

Thus , when the reflection surface 5a oscillates around the 
Next , one embodiment of a heads - up display using the horizontal axis 11 , it is possible to set the reflection surface 

optical scanner will be described with reference to FIG . 14 . to resist reacting with respect to the high frequency driving . 
The image display device 1 of the first embodiment is used The head mount display 92 can include the optical scanner 
in the heads - up display of the embodiment . The description 15 5 having excellent vibration performance and an image 
of the same points as the first embodiment will be omitted . which is easy to see for a viewer can be displayed . 

FIG . 14 is a schematic perspective view showing the Hereinabove , the optical scanner 5 , the image display 
heads - up display . As shown in FIG . 14 , in a heads - up display device 1 , the heads - up display 88 , the head mount display 
system 87 , the image display device 1 is mounted on a 92 , and the manufacturing method of the optical scanner 5 
dashboard of a vehicle so as to configure a heads - up display 20 have been described , but the invention is not limited thereto , 
88 . With this heads - up display 88 , it is possible to display a and configurations of the units can be substituted with 
predetermined image such as a display guiding to a desti arbitrary configurations having the same functions . In addi 
nation , for example , on a windshield 89 . The heads - up tion , other arbitrary configurations may be added to the 
display system 87 is not limited to a vehicle , and can be used invention . Modification examples are described as follows . 
in an airplane or a ship , for example . 25 

The drawing light source unit 4 and the optical scanner 5 Modification Example 1 
are installed in the image display device 1 . In the optical 
scanner 5 installed in the image display device 1 , the thin In the first embodiment , the movable plate 29 has a square 
plate structure portion 24a functions as a damper with the air shape in a plan view seen from the Z direction side , but a 
current 43 generated around the thin plate structure portion . 30 planar shape of the movable plate 29 is not limited thereto 
Accordingly , it is possible to set the oscillation of the and may be a circle , an ellipse or a polygon , for example . 
displacement portion 24 around the horizontal axis 11 to The embodiment may be set to be easily manufactured . 
resist reacting with respect to the high frequency driving . In the second embodiment , the movable plate 60 and the 
Thus , when the reflection surface 5a oscillates around the support 66 have a square shape in a plan view seen from the 
horizontal axis 11 , it is possible to set the reflection surface 35 Z direction side , but there is no limitation , and a planar shape 
to resist reacting with respect to the high frequency driving of the movable plate 60 may be a circle , an ellipse or a 
The heads - up display system 87 can include the optical polygon , for example . In addition , a planar shape of the 
scanner 5 having excellent vibration performance and an reflection plate 67 has a circular shape , but there is no 
image which is easy to see for a viewer can be displayed . limitation , and may be an ellipse , a square , or a polygon , for 

40 example . 
Seventh Embodiment 

Modification Example 2 
Next , one embodiment of a head mount display using the 

optical scanner will be described with reference to FIG . 15 . In the first embodiment , the direction in which the first 
The image display device 1 of the first embodiment is used 45 shaft portion 27 and a second shaft portion 28 extend , and 
in the head mount display of the embodiment . The descrip - the direction in which the third shaft portion 22 and the 
tion of the same points as the first embodiment will be fourth shaft portion 23 extend are orthogonal to each other . 
omitted . The direction in which the first shaft portion 27 and a second 

FIG . 15 is a schematic perspective view showing a head shaft portion 28 extend , and the direction in which the third 
mount display . As shown in FIG . 15 , a head mount display 50 shaft portion 22 and the fourth shaft portion 23 extend may 
92 includes a frame 93 to be mounted on a head of a viewer , intersect with each other diagonally . At that time , it is also 
and the image display device 1 mounted on the frame 93 . possible to oscillate the reflection surface 5a to draw a 
The drawing light source unit 4 and the optical scanner 5 are two - dimensional image by using the drawing laser light 3 . 
installed in the image display device 1 . The image display 
device 1 displays a predetermined image to be recognized 55 Modification Example 3 
with one eye , on a display unit 94 provided at a portion of 
a lens of the frame 93 . Alternatively , the drawing laser light In the third embodiment , the weight portions 73 are 
3 may be reflected by the display unit 94 so as to form a installed on the positive Z direction side of the displacement 
virtual image on a retina of a viewer . portion 24 . In the fourth embodiment , the weight portions 78 

The display unit 94 may be transparent or may be opaque . 60 are installed on the negative Z direction side of the displace 
When the display unit 94 is transparent , a viewer can see the ment portion 24 . The weight portions may be installed on 
background which is seen through the display unit 94 and both of the positive Z direction side and the negative Z 
information from the image display device 1 in an over - direction side of the displacement portion 24 . The position 
lapped manner . The display unit 94 may reflect at least a part of the weight portions may be adjusted in accordance with 
of the incident light beam or a half mirror can be used as the 65 the operation of the displacement portion 24 . 
display unit 94 , for example . In addition , two image display In the optical scanner 51 of the second embodiment in 
devices 1 may be provided on the head mount display 92 , which the light reflection unit 65 is installed , the weight 
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portions 73 may be installed on the positive Z direction side that of the frame and extends in a direction intersecting 
of the displacement portion 55 . In addition , in the optical with a direction in which the second torsion bar spring 
scanner 51 , the weight portions 78 may be installed on the extends from the frame ; 
negative Z direction side of the displacement portion 55 . The wherein a length of the displacement member in a direc 
weight portions may be installed on both of the positive Z 5 tion in which the first torsion bar spring extends is 
direction side and the negative Z direction side of the greater than a length of the displacement member in a 
displacement portion 55 . The position of the weight portions direction in which the second torsion bar spring 
may be adjusted in accordance with the operation of the extends , displacement portion 55 . wherein the displacement member includes another 

Modification Example 4 damper unitary with the frame that has a smaller 
thickness than that of the frame and extends in the 

In the fifth embodiment , the second coil 84 formed of the direction intersecting with the direction in which the 
second conductive wire portion 84a and the third conductive second torsion bar spring extends from the frame , and 
wire portion 84b is installed on the plate - shaped member 25 . 15 wherein the damper , the frame , and the another damper 
The second coil 84 can also be used in the optical scanner are disposed in this order on the displacement member 
51 , the optical scanner 71 , and the optical scanner 76 , in in the direction intersecting with the direction in which 
addition to the optical scanner 81 . At that time , it is also the second torsion bar spring extends from the frame . 
possible to suppress fatigue failure of the second coil 84 . 2 . The optical scanner according to claim 1 , 

20 wherein the coil includes a first conductive wire which 
Modification Example 5 extends in a direction in which the second torsion bar 

spring extends , and the first conductive wire is posi 
In the sixth embodiment and the seventh embodiment , the tioned at a position separated from the frame . 

optical scanner 5 is used in the image display device 1 . 3 . The optical scanner according to claim 1 , 
Instead of the optical scanner 5 , the optical scanner 51 , the 25 wherein a thickness of the damper at a position separated 
optical scanner 71 , the optical scanner 76 , or the optical from the second torsion bar spring is greater than a 
scanner 81 may be used . The optical scanner of the modi thickness of the damper at a position closer to the 
fication examples may be used in the image display device second torsion bar spring . 
1 . At that time , it is also possible to draw an image with 4 . The optical scanner according to claim 3 , 
excellent quality . 30 wherein a projecting portion of the damper protrudes 

away from the frame with respect to the damper . Modification Example 6 5 . The optical scanner according to claim 1 , 
wherein the light reflection unit includes a reflection plate 

The light reflection unit 65 installed in the second and a support which supports the reflection plate , and embodiment may be used in the optical scanner 71 of the 35 the reflection plate and the displacement member are third embodiment , the optical scanner 76 of the fourth installed at an interval in a thickness direction of the 
embodiment , and the optical scanner 81 of the fifth embodi reflection plate , and the reflection plate partially over ment . The weight portion 73 of the third embodiment may laps with the displacement member in a plan view . 
be used in the optical scanner 76 of the fourth embodiment 6 . The optical scanner according to claim 1 , 
and the optical scanner 81 of the fifth embodiment . The 40 wherein the coil includes a second conductive wire and a 
weight portion 78 of the fourth embodiment may be used in third conductive wire , and the third conductive wire has 
the optical scanner 81 of the fifth embodiment . The charac a smaller thickness than that of the second conductive teristics of the embodiments described above may be com wire and a greater width than that of the second 
bined with each other . conductive wire in a plan view seen from the thickness The entire disclosure of Japanese Patent Application No . 45 direction of the displacement member , and 2013 - 223982 , filed Oct . 29 , 2013 is expressly incorporated the third conductive wire is positioned at a location where 
by reference herein . the frame and the damper are connected to each other . 
What is claimed is : 7 . The optical scanner of claim 1 , wherein the frame and 
1 . An optical scanner comprising : the damper are formed of the same material . 
a movable plate which includes a light reflection unit 508 . The optical scanner of claim 1 , wherein the coil 

which reflects light ; includes a first conductive wire that extends in a direction in 
a first torsion bar spring which oscillatably supports the which the second torsion bar spring extends , and the first 
movable plate around a first axis ; conductive wire is positioned at the damper . 

a displacement member which is connected to the first 9 . An image display device comprising : 
torsion bar spring ; a light source which emits light ; and 

a second torsion bar spring which oscillatably supports an optical scanner , 
the displacement member around a second axis inter wherein the optical scanner includes : 
secting with the first axis ; a movable plate which includes a light reflection unit 

a coil provided on the displacement member , and which reflects light ; 
a magnet which is provided spaced apart from the dis - 60 a first torsion bar spring which oscillatably supports the 

placement member , and generates a magnetic field to movable plate around a first axis ; 
be inclined with respect to the first axis and the second a displacement member which is connected to the first 
axis and to act on the coil , torsion bar spring ; 

wherein the displacement member defines a frame sur a second torsion bar spring which oscillatably supports 
rounding the movable plate and is oscillatably sup - 65 the displacement member around a second axis inter 
ported by the second torsion bar spring , and a damper secting with the first axis ; 
unitary with the frame that has a smaller thickness than a coil provided on the displacement member ; and 

55 
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a magnet which is provided spaced apart from the wherein the damper , the frame , and the another damper 
displacement member , and generates a magnetic are disposed in this order on the displacement member 
field to be inclined with respect to the first axis and in the direction intersecting with the direction in which 
the second axis and to act on the coil , and the second torsion bar spring extends from the frame . 

the displacement member defines a frame surrounding the 5 5 10 . The image display device according to claim 9 further 
movable plate and is oscillatably supported by the comprising : 

a frame to be mounted on a head of a viewer , and second torsion bar spring , and a damper unitary with wherein the optical scanner is provided on the frame so as 
the frame that has a smaller thickness than that of the to provide a head mount display . 
frame and extends in a direction intersecting with a 11 . The image display device according to claim 9 further 
direction in which the second torsion bar spring extends comprising : 
from the frame , a dashboard of a vehicle ; and 

wherein a length of the displacement member in a direc wherein the optical scanner is provided to the dashboard 
tion in which the first torsion bar spring extends is so as to provide a heads - up display which emits light on 
greater than a length of the displacement member in a 18 a windshield of the vehicle . 
direction in which the second torsion bar spring 12 . The image display device of claim 9 , wherein the 
extends , frame and the damper are formed of the same material . 

wherein the displacement member includes another 13 . The image display device of claim 9 , wherein the coil 
damper unitary with the frame that has a smaller includes a first conductive wire that extends in a direction in 
thickness than that of the frame and extends in the 20 which the second torsion bar spring extends , and the first 
direction intersecting with the direction in which the conductive wire is positioned at the damper . 
second torsion bar spring extends from the frame , and * * * * 

wn 


